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Abstract
In this study, we typed 51 male individuals from North Borneo using 17 Y-chromosome STRs contained in the AmpFLSTR® Yfiler® kit (Applied Biosystems). These individuals constitute five indigenous ethnic populations representing the three major linguistic groups (Dusunic, Murutic and Paitanic): the Dusun (n=7), Rungus (n=12), Sonsogon (n=12), Murut Paluan (n=12), and Sungai Lingkabau Paitan (n=8). A total of 37 haplotypes were identified, of which 30 individuals were represented by a single haplotype.
The mean ± S.D. haplotype diversity was 0.600±0.181 and the discrimination capacity was 0.725. The results also showed that the haplotype H33 was the most frequent haplotype observed in the sampled male populations occurring exclusively in the Murut population. Comparative analysis between Y-haplotype populations of North Borneo and the ethnic populations (Bidayuh, Iban, and Melanau) of neighbouring Sarawak (East Malaysia) i.e. indicated that the Sungai Lingkabau Paitan was more closely associated with the Melanau with respect to Y-haplotype descent (RST=-0.0023). In addition, the Multidimensional Scaling (MSD) analysis managed to clearly differentiate the eight groups from Borneo. We concluded that the 17 Y-chromosome STRs data of North Bornean populations are valuable resources in the applications of forensic and population genetics of the ethnic groups.
tic-, Dusunic-, and Paitanic-speaking natives found in the north-west region of North Borneo. The Ida'an-speaking ethnic groups are predominantly found in the East coast and were not included in this study [3] .
Materials and Methods
Study Sites and Collection of Samples
Collection of samples was carried out at five districts in North Borneo ( Figure- Table-1 ).
Blood samples were obtained from 51 male individuals between the ages of 18 and 65 with informed consent and under the supervision of a medical doctor. The ethnicities of the blood donors were self-declared and priority was given to healthy persons with no recent admixtures (mixed marriages) in their families for at least three generations.
DNA Extraction and PCR Amplification
Genomic DNA was isolated using the conventional phenol-chloroform extraction and ethanol precipitation [7] . Seventeen Y-chromosome STRs (DYS19, DYS389I,   DYS389II, DYS390, DYS391, DYS392, DYS393,   DYS385a/b, DYS438, DYS439, DYS437, DYS448,   DYS456, DYS458, DYS635, YGATAH4) [3] .
The migrations of the ancestral populations and cross-ethnic marriages between different ethnic groups have led to admixture in genetic diversity, which is essential for adaptation [6] . In this study, we examined the haplotype diversity (based on the patrilineal Y-chromosome) of representative sub-populations belonging to five ethnic groups, each representing the three linguistic clusters namely, the Muru-883 Subbiah et al.
Fragment Analysis and Typing
PCR-amplified products were detected and separated by capillary electrophoresis on a 3130 Genetic Analyzer 
Quality Control
The fragment analysis and typing protocols were performed in compliance with the quality assurance standards as stipulated by the Scientific Working Group on DNA Analysis Methods (SWGDAM) [12] . The Biotechnology
Research Insititute of Universiti Malaysia Sabah, where the analyses were carried out, participated in the Y-STR (4), and Paitanic in Beluran (5) . This figure was adopted and modified from Yew et al. [21] . 
Data Analysis
Haplotype and allele frequencies were determined by using the gene counting method. The discrimination capacity (DC) was calculated as the proportion of different haplotypes in the sample [13] . Genetic diversity was presented as haplotype diversity (H d ) and calculated according to the study of other authors [14] [15] [16] . In addition to these param- from Sarawak, which is situated in the western region of Borneo [18] . The MDS calculation is based on Kruskal's non-metric MDS algorithm [19, 20] .
Results and Discussion
All 17 Y-chromosome loci were polymorphic across the five ethnic populations. The number of alleles ranged between 2 to 10 ( Table-2 procedure for extracting genomic DNA from leukoSongoson, although also part of the Dusunic family, show distinct separation from the other members of the family probably due to their long history of isolation [21] . We see a similar differentiation of the populations using whole genome genotyping (with Single Nucleotide Polymorphisms) and whole genome sequencing data [21, 22] . 
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